Manufacturers attempt to respond to consumers' concerns involving environmental issues as well as the more governmentally stringent environmental legislations by establishing facilities which include the minimization of the totality of waste relocated to landfills by recovering materials and components from returned, or End-Of-Life (EOL) products and reuse them to build a remanufactured product, and/or novel components. In this paper, an optimization simulation model for remanufactured items sold with one-dimensional non-renewing Money Back Guarantee (MBG) Warranty policy is proposed from the view of remanufacturer, in which, an End-Of-Life product (EOLP) is subjected to upgrade action at the end of its past life and during the warranty period. Finally, a numerical example and Design of Experiment analysis are provided to demonstrate the proposed approach.
INTRODUCTION
The use of sensor-embedded products (SEPs) is a promising approach in dealing with disassembly. This is because SEPs utilize sensors implanted during the production process by monitoring the critical components of a product and facilitating data collection. The sensoraccumulated data can aid in the prognosis of possible future product failures because it provides an estimation of product component condition during the product's use stage. Moreover, the information gathered by sensors regarding any dysfunctional or missing components prior to EOL product disassembly contribute to important financial savings that would have otherwise been wasted in testing, disassembly, disposal, backorder, or holding costs processes [1] [2] [3] . This galvanized us to study the impact that would be had by offering non-renewing warranties containing the information retrieved by the sensor-embedded remanufactured products. With our study, we quantitatively analyze the expansion achieved by using the SEP's information in several warranty analyses models that depict remanufacturing lines under various scenarios. Moreover, the goals of the study is to minimize the cost associated with warranty, and to maximize the profit gained by remanufacturers by unearthing a warranty with an appealing price. Due to the infinitely increasing levels of complexity and uncertainty associated with the remanufacturing process, the scope of this paper is limited to the following factors: EOL products and demanded components arrive at the remanufacturing facilities in accordance with the Poisson distribution [4] . The disassembly and remanufacturing time assigned to each station are then distributed accordingly. Imposing a cost for backorders will be calculated based on the duration of backorders [5] . Then there is also the fact that excessive and non-essential EOL products and components are disposed of regularly according to a stringent disposal policy. Furthermore, a pull control production mechanism is used in all disassembly line settings in this research study. Comparisons of warranty costs and temporal periods are made amongst different warranty policies [6] .
The primary contribution offered by this paper is to present a quantitative assessment of the effect of offering warranties on remanufactured items from a manufacturer's perspective in that it proposes an appealing price in the eyes of the consumer as well. While there are developmental studies on warranty policies for brand new products and on secondhand products, no studies exist that evaluate the potential benefits of warranties on remanufactured products in a quantitative and comprehensive manner. In these related studies, the profit improvements are achieved through warranty offers for different policies to determine the range of how much money can be invested in a warranty while still keeping it profitable overall [7] [8] [9] .
PROBLEM STATEMENT
In this study, discrete-event simulation was used to optimize the implementation of a one-dimensional nonrenewing warranty policy for remanufactured products. The implementation is illustrated using a specific product recovery system called the Advanced RemanufacturingTo-Order (ARTO) system. The study's experiments were designed using Taguchi's Orthogonal Arrays to represent the entire domain of the recovery system. This was done to observe the system behavior under various experimental conditions. To figure out the best strategy offered by the remanufacturer, for every scenario various preventive warranty scenarios were analyzed using Tukey pairwise comparisons tests, pairwise t-tests and one-way analysis of variance (ANOVA).
The Advanced Remanufacturing-To-Order (ARTO) system discussed in this study is like a product recovery system. In this paper, a sensor embedded microwave oven (MO) is a product example. Based on the condition of EOL MO, it goes through a series of recovery operations as shown in Figure 1 . To meet the sales demand of the product, repairing and refurbishing processes may require reusable components. This requirement satisfies the internal and external component demands. Consequently, each will be properly built using the recovered components from the disassembly of old devices. In the ARTO system, there are two types of items that arrive for disassembly: failed SEP that needs to be rectified or EOL products for recovery.
Initially, EOL MOs arrive at the ARTO system for information retrieval using a radio frequency data reader and is stored in the facility's database. Then the MOs are processed through a six-station disassembly line. To extract every component, a complete disassembly is performed. Nine components exist within a MO: the cooking cavity, control panel, metal mesh window, wave stirrer, high voltage transformer, microwave emitter, cooling fan, wave guide and magnetron & capacitor. Exponential distributions are used to generate the interarrival times, interarrival times of each component's demand and disassembly times of EOL MO. Once the information is retrieved, all EOLPs are shipped either to station 1 for disassembly or, if it only needs one component, it is sent to its corresponding station. Destructive and nondestructive are the two types of disassembly operations that are used depending on the components condition. Consequently, for a functional component, the disassembly cost is higher than for a nonfunctional component. Following disassembly, component testing is unneeded due to the availability of information provided by the sensors regarding the component's conditions. And it is assumed the retrieval of information from the sensors is less expensive than the actual testing and inspecting. For each SEP, recovery operations vary, depending on their estimated remaining life and overall condition. To meet the demands of spare parts, recovered components are used. Refurbished or recovered products are used for consumer product demands. Moreover, recycled components and products are used to meet material demands. Components and products that have been recovered are characterized based on their remaining lifespans. They are then placed in separate life-bins (e.g. one year, two years, etc.) where they wait to be retrieved via a customer demand. Underutilization of components or products can happen when it should be placed in a higher life-bin but is placed in a lower life-bin because the higher life-bin is full. Any component or product inventory that is greater than the maximum inventory allowed is assumed to be excess. It is instead disposed of or used for material demand. To meet product demand, refurbish and repair options can also be chosen as presented in Figure 1 . End-of-life products (EOLP) may have nonfunctional (broken, zero remaining life) or missing components that need to be replenished or replaced during the refurbishing or repairing process to meet remaining life requirements. End-of-life products may also consist of components having shorter remaining lives than desired. For that reason, they might also have to be replaced.
MONEY BACK GUARANTEE POLICY
Under a money back gurantee warranty policy, the buyer could return the remanufactured product during the warranty period and get a refund of the sales price from the remanufacturer. There are two types of a refund, either unconditional (money back guarantee) or conditional on predetermine events such as if the number of failures over the warranty period exceed some specified limit [10, 11] . Under the Money Back Guarantee policy, all failures during warranty period are replaced/repaired free of charge to the buyer. In case the number of failures during warranty period exceed a predetermine value, k, then the buyer has the option of returning the item for 100% money back. The warranty ceases either when the buyer returns the remanufactured product or the product reaches the end of the warranty period [12, 13] .
Warranty period; k:
Number of claim; n:
Number of components in a remanufactured item; RL:
Remaining life of remanufactured item at sale; RLi:
Remaining life of component i (1 ≤ i ≤ n); α:
Cost sharing parameter; Ʌ(RL):
Intensity function for system failure; N (W; RL)
Number Total warranty cost to remanufacturer; n:
Number of failures ̅ :
Expected cost of buyback to remanufacturer (may be full sale price if the item has to be scrapped and the difference between sale price and salvage value otherwise) Pn(RL, RL+W):
Probability of n failures over [0,W) given the remaining life of the item is RL ɤ:
Probability that buyer will execute money-back option
MATHEMATICAL MODEL
Most products are complex and multipart so that an item can be viewed as a system consisting of several components. The failure of an item occurs due to the failure of one or more components. A remanufactured products or component is categorized in terms of two states viz., working or failed. The time intervals between consecutive failures are random variables and modelled by proper distribution functions. Interchangeably, the number of failures over time can be modelled by a suitable counting process.
The actions to make a failed item operational depend on whether the failed component (s) are repairable or not. In the case of a repairable component, the remanufacturer has the option of repairing or replacing it by a remanufactured working component if available. If not a new component will be used to rectify the claim. In case of repairable components, the characterization of subsequent failures depends on the type of repair (e.g., minimal repair, imperfect repair and so on). Similarly, in the case of a nonrepairable component, the remanufacturer can use a remanufactured working component in the replacement to make the item operational. In one-dimensional warranty policies, remanufactured item failures can be viewed as random points occurring over a one-dimensional horizon. Time to first failure of a remanufactured component depends on the mean remaining lifetime (MRL) and the preventive maintenance (PM) of the component at the time of sale of the remanufactured product. If the sensor information about EOL component indicates that it has never failed, or was always minimally repaired, then the remaining life of the component at sale is the same as that of the item. Usually, the MRL of remanufactured component at sale differs due to the replacement or repair and maintenance actions. Therefore, the time to first failure under warranty needs to be defined. Let RLi denote the remaining life of remanufactured component, i. There are two cases: either RLi is known because of embedded sensor or RLi is unknown because it is a conventional product [14, 15] .
The sensor embedded in the item provide the remanufacturer with the MRL of the item at sale. The item failure is modelled by a point process with intensity function Ʌ (RL) where RL represents the remaining life of the item. Ʌ (RL) is a decreasing function of RL indicating that the number of failures increases with remaining life decrease. The failures over the warranty period occur according to a non-stationary Poisson process with intensity function Ʌ (RL). This implies that N (W; RL), the number of failures over the warranty period W for an item of remaining life RL at the time of sale, is a random variable with:
The expected number of failures over the warranty period is given by
All failures over warranty period [0, W) are replaced/repaired at no cost to the buyer. If the number of failures over [0, W) exceed a specified value k (k > 1), then at the (k+1) st failure, the buyer has the option of returning the item for 100% money-back and the warranty ceases when the buyer exercises this option. If the number of failures over [0, W) is either k or the buyer does not exercise the buyback option when the (k+1) st failure occurs, then the item is covered for all failures till W.
In this model, the buyer has the option of returning the item at the (k+1) st failure, should this occur within the warranty period, the warranty can cease before the item reaches a remaining life (RL-W).
Let N be the number of item failures over [RL-W, RL). Since failures are replaced/repaired minimally, then:
The expected warranty cost to the remanufacturer is given by
On removing the conditioning, the expected warranty cost to the remanufacturer is given by
RESULTS
The results are divided into two sections. Section 6.1 deals with the evaluation of the effect of offering different warranty policies to help the decision maker choose the best warranty policy to offer. Section 6.2, presents a quantitative assessment of the impact of SEPs on the warranty costs and policies to the remanufacturer.
Remanufacturing Warranty Policies Evaluation
In this section, the results to compute the expected number of failures and expected cost to the remanufacturer were obtained using the ARENA 14.5 program. We evaluate different warranty period during each period. Table 1 presents the expected number of failures and cost for remanufactured MO and components for MBG policies. In Table 1 , the expected cost to the remanufacturer does not include the cost of supplying the original item, Cs. Thus, the percentage of expected cost of warranty from the cost of supplying the original item is calculated by subtracting Cs from the expected cost to remanufacturer.
For example, from 
CONCLUSIONS
Sensor embedded products utilize sensors implanted into the products during their production process. They are useful in predicting the best warranty policy and warranty period to offer a customer for the remanufactured products and components. The conditions and remaining lives of products and components can be estimated prior to offering a warranty based on the data provided by the sensors. This helps reduce the number of claims during warranty periods and eliminates unnecessary costs inflicted on the remanufacturer. The Money Back Guarantee warranty (MBG) for remanufactured components and products were evaluated with different periods in this paper. For that purpose, the effect of offering MBG policy to each disassembled sensor embedded remanufactured product and component was examined and the effect of sensor embedded products on warranty costs was assessed. Varying simulation scenarios and a case study were examined and presented to illustrate the model's applicability.
